


6 6HJ1EHKO, )l(HfYHOB 

HaMHKH pery1rnpoaaHHSI B03HHKaJOT TOJlbKO npH 
OOP'-1 H HTIP'-1, TaK KaK H npH wcnbITaHl·HIX Ha co
OTBeTCTBHe 3THM Tpe6oaaHHSIM, H npH peaJibHblX 
3HeprOCHCTeMHblX B03MyIUeHHSJX OTKJIOHeHHSI 'la
CTOTbl HMeJOT BH.ll CKa\fK006pa3HblX HJIH 6JH13KHX K 
HHM B03MyIUeHHM. 3an,aHHe )Ke no ABP'-1 nocTynaeT 
B BH.lle JIHHeHHO HapacTaJOIUWX B03MyIUeHHH, KaK 
npaBHJIO, c He O'leHb 6oJibUJl1Ml1 CKOpOCrnM11, H HX 
OTpa60TKa oco6b!X TPY.UH0CTeti He Bbl3b!BaeT. 

COBEPWEHCTBOBAHHE 
CTPYKTYPHblX CXEM CAPY.M 

KaK 113BeCTHO, cywecTayeT .naa OCHOBHbIX npl1H
uwna nocTpoeH11H CAP'-IM. B nepaoM cnyqae (TaK 
Ha3brnaeMasi CAYM-1) perymIpoaaHwe MOlUHOCTl1 
3Hepro6JtOKa N BbtnOJIHSleT KOTeJibHblH peryJIHTOP 
MOlllHOCTH (KPM), a naBJieHHSI napa nepeJi ryp611-

HOH p� - Typ611HHblM peryJISIT0p MOIUHOCTH (TPM). 
Bo BTopoM CJI)"-lae (CAYM-2) c:pyHKmm ::irnx pery
JIHTOpOB nponrnonOJIO)l(Hbl. 

flp11H51Tble eIUe B C0BeTCKOe BpeMSI THflOBbte pe
weHl1Sl no CAPY.M IlJISI 3Hepro6JioKOB c npSJM0TO'I
HbIMH KOTJiaM11 [2] 6bIJIH opHeHTHPOBaHbl Ha 
CAYM-1, ycoaepweHCTBOBaHHYJO llJISI yaeJI11\feH11S1 
np11eMl1CTOCTl1 3Hepro6JI0Ka nonaqej;j BX0.llHOro He6a
JiaHca KPM (N 34 - N, r.ne N 34 - 3an,aHHoe JHa\feHHe 
MOIUHOCT11) Ha ryp611HHblM peryJISJTOP M0IUHOCTH -
TaK Ha3bIBaeMM KOOP.ll11HHpOB8HHaSI Cl1CTeMa [3). 011-
HaK0 B npouecce peweHHSI CQ)OPMYJIHPOBaHHblX pa
Hee 3Heproc11cTeMHblX 3an,a'-I (OTIP'-1, HTIPY., ABP'-1) 
nono6Hble peweHHSJ OKa3aJil1Cb He.UOCTaTO'-IHblMH. 
3To nO!lTBeplU,fJIOCb pe3yJibTaTaMH nepBblX HCnbITa
HHM Ha C0OTBeTCTBl1e Tpe6oBaHHSIM Ofl pl) Ha nblJie
yroJibH0M 3Hepro6noKe N? I M0IUHOCTblO 800 M BT 
6epe3oscKoH fP3C [4J. O.att11M H3 nyTeti npeo.aone
HHSI B03HHKW11X TpY.llHOCTeH 6blJI nepexo.n Ha K0M-
6HH11p0BaHHYIO CTPYKTYPY CAPY.M c 061,e.uHHeH11-
eM s onpe,neneHHbIX .non.Rx CAYM-1 11 CAYM-2 [IJ. 
Eme 0llHO peweH11e, n03BOJll1BWee nOJJ)"-IHTb 3aMeT
HOe yJ1yqweH11e Ka,,ecrna pa6oTbI CAPYM, - np11Me
HeH11e ycoaepwettcrnosattHoro sap11aHTa CAYM-2 c 
880,QOM B KOTeJlbHblM peryJISJT0P .naMeHl1Sl .aonOJIHH
TeJlbHOro .n11cpcpepeHu11pyt0mero c11rnaJia no .naMe
HHIO napa. 3ToT sap11aHT 6btJI npe.uJIO)KeH B.B. )1(11ry
HOBbtM s 2002 r., a snoCJ1e.UCTBHl1 H3JIO)l(eH a (5, 6). 

B CBSl311 C WHPOKHM 11Cfl0Jlb30BaHHeM KOM6HHl1-
poBaHHblX sap11aHTOB CAPY.M CTaJIO np11HHTbIM 
Ha3bIBaTb o6a sxo.nHm11x a ttee perymnopa pery1rn
TopaM11 MOIUHOCTH 11 pa3Jil14aTb HX no THny TeXHO
JIOfH\feCKOf0 o6opy.nosaHHSJ, Ha KOTOPblH OHH B03-
.neikTBylOT: KOTeJI 11J111 Typ611tty, T.e. KPM 11 TPM. 
TaKOH flO./lXO.ll 11CflOJib3yeTCSI 11 B HaCTOSIIUei-i CTaTbe. 

.ll,JISI aHaJIH3a Cl1CTeM aBT0MaTl14eCK0ro ynpaBJie
Hl1Sl M0lUHOCTbIO 3Hepro6JIOKa HX TpamtU110HHO 

paccMaTpHBalOT (pHC. I) B s11.ne .LlBYXCBSl3HblX aBTO
MaTH\feCKl1X c11cTeM peryJ111poaaH11S1 (ACP) c D.BYMSl 
peryJIHpyeMblMH napaMeTpaM11 (aKTHBHOH MOlUHO
CTblO 3Hepro6JIOKa NH naBJieHl1eM napa nepen TYP-
6HHOH p�) 11 c D.BYMSI peryn11pyIOUll1Ml1 B03D.eHCTBl1-

SIMH (KJ1anattaM11 napoaofl Typ611Hb1 H
T 

11 113Mette
Hl1eM Harpy3KH Koma µ

K 
). KaHaJibl TaKoro 061,eKTa 

no p: 11 N np11 113MeHeHHl1 ttarpy3Kl1 Koma xapaKTe
p113y10TcS1 6oJtbUJOH 11Hepu11eit, onpenensieMOH n11-
ttaM11Koti KOTJia. nocTOSIHHble BpeMeHH 061,eKTa no 
3Tl1M KaHaJiaM ,nocT11ra10T HeCKOJlbKl1X Ml1HyT. LJ.w
HaMH\feCKl1e npoueCCbl, np011CXOllSllUl1e B 061,eKTe 
peryJIHp0BaHH51 np11 803MYUleHl1H KJianaHaMl1 Typ-
611Hbl H

T
' xapaKTepH3YIOTCSI cymecTBeHHO MeHbUJeH 

11Hepu11eti - nocTOHHHble speMeHH HattaJibHblX 
y'-laCTK0B nepeXOllHblX xapaKTepHCTl1K COCTaBJISIIOT 
HeCKOJlbKO CeKYH.Ll. TI03TOMY np11 11CflOJib30BaHl111 

CAYM-1 (CM. p11c. I, a) OTKJIOHeHHSI .naBJieHHSI p� OT 

3allaHHOro P�.3D. 6ynyT Ml1Hl1MaJlbHblMl1 H neticrny10-
uu,Ie Ha Hero (naaJieHHe) B03MyllleHHH 6y.uyT OTpa6a
TbIB8TbCSI .nocTaT04HO 6blCTpO. Tipw 3T0M peryJIHpo
BaHl-le M0IUHOCTH N 6yneT np011CXOllHTb a TeMne 
KOTJia, C y'-leTOM ero HHepU.HH, H, CJieD.0BaTeJibHO, 
OTKJIOHeHHSI no 3TOMY napaMeTpy OT N 3,n 6ynyT 
66Jlbill11MH no cpaBHeHl1IO C OTKJIOHeHH51Ml1 ..naaJie
HHSI (cM. pHc. I, e). B "o6paTHoti" cxeMe - CAYM-2 
(cM. p11c. I, 6), r.lle .naa11ett1-1e napa nepen ryp611Hoi1 

p� no.Ll)lep)KHBaeTC51 KPM, a MOIUHOCTb N - TPM, 
B03HHKaeT npOTl1BOnOJIO)l(HaSI CHTyaUHSl'. y.naeTCSI 
6blCTpO 11 TOlfHO no.Ll)lep)l(HB8Tb N 11 cymecTBeHHO 

XY)l<e p� (CM. pHC. I, z). 
Ha p11c. 2, a noKa3aHbl KOMnJieKCHble lfaCTOTHbie 

xapaKTepHCTHKH (K'-IX) 3KBl1BaJieHTHblX 061>eKTOB 
.llJISI KPM, a Ha p1-1c. 2, 6 - cooTBeTCTBYJOlllHe 06J1a
cn1 3anaca ycToiitt11aocT1-1 TIH-peryJISITopos. Ha 
3TOM p11cyHKe k

P 
- K03cp¢1-1u1-1eHT yc1111eHHS1, T,, -

nocTOSIHHast speMeH11 HHTerp1-1posaH11st Til1-pery
m1Topa 1 . 

3Ks11saneHTHb1ti 061,eKT MSI KPM s CAYM-I 
(cM. pHc. I, a) npe.ncTaBJisteT co6oi1 KJiaccw�ecKHH 
061,eKT C caMOBbIpa�HHBaH11eM (cnJIOWHaH JIHHl151 
Ha pHC. 2, a), 4TO o6ecne4HBaeT cymeCTBeHHO 60Jib
wyio 0611acTb 3anaca ycToi1ttHB0CTH IlJISI KPM 
(cnJIOWH8SI Jll1H�51 Ha p1-1c. 2, 6) no cpasHeHHIO C 
aHanorn<tHoi-i o6nacTblO llJISI KPM a CAYM-2 
(nyHKTHPHble JIHHHH Ha p11c. 2, a 11 6). Bbl3B8HO 3TO 
TeM, 4TO 3KBHBMeHTHbIH 061,eKT KPM B CAYM-2 
He o6JIMaeT caMOBblpaBHl1BaHHeM, TeM CaMblM 3Ha
'IHTeJJbHO yMeHbUJaSI 0611acTb 38.llaHHOro 3anaca 

I 3JleCb 11 .nanee paJMepHOCTb K03cf><lmu11eHTOB B nepenaro•IH blX 
<l>YHKUHSIX 06bCKTll H perymnopa Bblpall(aeTCH B npoueHTaX, 
nOCTOSIHHb!X BPCMCHH - B ceKyHnax. 
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CPABHl1TE.nbHblfi AHAJH13 .Ul1HAMJ1l·IECKHX CBOMCTB BAPHAHTOB CHCTEM 7 
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PHc. 1. CrpyK'l)'pHblC CXCMbl ACP MOWHOCTI1/.naB11CHHll napa 11 Ka'ICCTBO no.n.nep>KaHHll MOIUHOCTH N 11 A3811CHHll napa p; BO 
BpeMCHH npH nOCTJ)OCHHH .naHHOii ACP. 
a, e - CAYM-1; 6, z- CAYM-2 
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PHc. 2. KoMnJICKCHble '13CTOTHble xapaKTCJ)HCTHKH o6bCKTOB Mll KPM (a) H rpaHHUbl Janaca YCTOl;\'IHBOCTH KOTCJibHblX 
nM-perynsnopoa (6). 
1- CAYM-1; 2-CAYM-2

YCTOH<JHBOCTH KPM 11 npHBO.!lSl K cywecrneHHOMY 
yxyn.weHHIO Ka\lecrna 00,lI,llep)KaHIHI JlaBJJeHHSl. B TO 

)Ke BpeMSl Ka'ieCTBO no)l.!lep)l(aHHSl MOlUHOCTH 3Hep

ro6JIOKa e CAYM-2 (cM. p11c. l, z) no cpaeHeHHJO c 

CAYM-1 (cM. pHc. l, e) oKa3bleaeTCSl 3H8\IHTeJibHO 
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BbIWe 6naro.napS1 cymecTeeHHO nyqweit .JlHHaMHKe 

CHfHaJia no MOIUHOCTH 3Hepro6JIOKa npH 803MYIUe

HHH KJianaH8MH Typ6HHbl, qeM npH B03MyWeHHH 

Harpy3KOH KOTJia. YKaJaHHbie csoHCTBa CAYM-1 11 

CAYM-2 H S1BJIS110TCS1 np1,f'HrnoA Toro, t:fTO e coepe-
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TafiJIHUa I. ConocrnsmteMble sapHaHTbl CAYM 

HoMep sapwaHTa CAP4M CxeMa CAP4M a HoMep pi,icyHKa 

I KoM6HHHpOBaHHaR 1.0 3,a 

2 KoM6HHHP0BaHHaR 0.5 3,a 

3 KoM6HHHpOBaHHaR 0.2 3,a 

4 CAYM-2 - 3, 6 

5 CAYM-2 c BB0.ll0M nml:><t>epettuHaTOpa B KP.U - 3, 6 

6 CAYM-1 c BB0.ll0M .a1-1<t><t>epettuHaTopa s KPM - 3,8 

Opt1Me•1aHHe. Ko3¢lcl>HUHeHT a (0 < a :5 1.0) xapaKTept13yeT CTeneHb BBO.lla He6anaHca CYMMapHoro 3MaHHOfO 3H3'1CHH}I MOIUHO
CTH (N311 r) Hee ct>aKTt1•1ecKoro 3Ha'leHHH (N) Ha BXO.ll KPM. 

WHm (s) = 0.7[ 0-6 + _j!£] X
N 

( I + 2s )2 I + 40s 

x [, - (I+ I Is)' 
1
(1 + 110,J 

Wµk ( ) = [.) 4e Ss 
•' s 

2, 
P, (I+ 75s) 

w�m (s)=-1.46[ 0.27 + 0.73
], 

PT (1+2s)2 (1+90s}2(1+10s) 

r.n.e wt (s) - no Katta.ny µI( ➔ N; W�k (s) - no Katta-
P, 

JJy�➔ p�; w/;n' (s)-no KaHany HT ➔ N; w�m (s)-
P, 

no Katt any HT 
➔ p�. 

Typ61rna OCHawetta 3JJeKTpOHHhlM peryJJRTOPOM 
cKopocrn (PCT), pa6orniow11M no c11rHany 1.mcna ee 
o6opoTOB, xapaKTep1,f3ylOU111M 'laCTOTY ceTH/ Ccpop
MHPOBaHHbIH CHrHaJI He6a.naHca l'1/nocrynaeT TaJOKe 
Ha BXO.n KOppeKTOpa '-!aCTOThl (KY). 

3auaH11e fIO MOWHOCTH 3Hepro6JJOKa N 1/l L cpop
MHpyeTCR Ha OCHOB8Hl111 Tpex COCTaBmIIOUlHX: 

3auaHHR no KaHa.ny nepBH'IHOro peryJIHPOBaHH51 
'-!aCTOThl N ;)l' ¢opMHpyeMoro KOppeKTOPOM '-!aCTOThI; 

nocrynaiowero c o6wecrnHUHOHHoro yposm1 
CAPY M 3a,uamrn no ABPtJ, np11H11MaeMoro OT paw
OHHoro (o6be.QHHeHHOro 11Jil1 ueHTpaJibHOro) nyHK-
Ta .n11cneT'-!epcKoro ynpaeneHHR N ;�; 

YCTaHaBJJHBaeMoro onepaTOpOM 3Hepro6JJOKa 3a
.naHHOro 3Ha'leHH51 nnaHOBOH COCTaBJIHIOllleH MOW-
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HOCTH, COOTBeTCTBYIOllleH 3a,ua'-!e TpeTl1'-!HOro pery
JJHPOBaHHH 'laCTOTbl N:

n.
-

Cne.nyeT OTMCTlffb, 'ITO c11rHaJihl 3a,namrn no Ka
HaJlaM BTOPl1'1HOro 11 Tpen-t'IHOro peryn11poBaHHH 
npeo6pa3yIOTCH B COOTBCTCTBYIOWHX orpaHH'IHTe
JIRX TeMna 3a,uaHHR. 

Ha p11c. 3 .nnR ynpomeHHR .nee nocne.nH11e co
crnsnH IOIUHe HMelOT o.nHo o6wee o6o3Ha'lett11e N

u
, 

a 3a.naH11e no KaHa.ny nepsH'IHoro peryn11posaHHR, 
cpopMHpyeMoe KOppeKTOpOM '-!aCTOTbl, o603Ha'leHO 
K3K N,11 KY· 

3aD.aHHOe 3Ha4ett11e .nasneHH51 napa nepen Typ611-

HOH p�_,11 c y4eTOM on11caHHOro paHee cnoco6a pea
n113au1111 KOM6HHHp0B3HHOro pe)l(l1Ma ero peryJJH
poBaHHH cpopM11pyeTCH B B11.ue KYCO'IH0-Jil1HeHHOH 
q>yHKUHH OT MaKCHMaJlbHOH Harpy3Kl1 3Hepro6JJOKa 
N ,1l I (p11c. 4). CTpouecc nepexona 3Hepro6noKa OT 
MaKCHMaJlbHOH Harpy3KH K pe)l(HMY CKOJlb3RIUero 
11.asnemrn (pe)KHM HOMl1HaJihHoro 11.asnett1rn) npe.n
cTasnr1eT co6oti ropl130HTaJlbHYIO npflMYIO /, pe)KHM 
CKOJib351Wero .uasneHHH HaKJJOHHYIO npRMYIO 2, 
pe)KHM MHHHMaJJbHO nonyCTHMOro 3Ha4eHHfl .nasne
HHH - npHMYIO J. 

Bee npe,nno)KeHHbte sap11aHTbl CAPYM op11eH
T11posaHbI Ha HCfiOJlb30BaH11e 3JJeKTpOHHOro perym1-
TOpa CKOpOCTH ryp611Hbl 11 KOppeKTOpa '13CTOTbl, cpop
MHPYIOIUero KOppeKUHIO nnaHOBOfO 3Ha'leHHR MOU1-
HOCTl1 3Hepro6JIOKa _B COOTBeTCTBl1H C 3aua'leH 
nepBH'IHoro peryn11posatt11r1 <JaCTOTbJ. 

l1ccneD.OBaH11e BbinOJIHCHO .QJIH wecTH BapHaH
TOB CAPYM (cM. Ta6JJ. I). Tp11 nepebte 113 HHX (cM. 
pHC. 3, a) npe.ncTaBJIRIOT co6oi1 KOM611Hl1POB3HHYIO 
cTpyKTypy, 6a3wpyiowyiocH Ha eap11aHTe CAYM-1 c 
KPM 11 nonoJJHHTenbHOH nona'leti He6anaHca MOlll-
HOCTH N ,n - N Ha axon TPM. Bap11aHT I c a = 1.0 
























